INTRODUCTION
Collectins are a group of soluble proteins each of which has collagenous and non-collagenous domains, and may be complement associated and/or have lectin activity [1] . Collectins include lung surfactant protein A (SP-A), mannose-binding protein (MBP), Clq, lung surfactant protein D (SP-D) and conglutinin. All the molecules belonging to the collectin family consist of multiple polypeptide chains each made up of a short non-collagenous N-terminal segment, followed by a region of collagen-like sequence (characterized by the repeating triplet sequence Gly-Xaa-Yaa, where Yaa is often a hydroxylated amino acid). The C-terminal portion of each polypeptide is noncollagenous, and contains, in SP-A, MBP, conglutinin and SP-D, a structure known as a C-type lectin domain, which indicates that these proteins exhibit calcium ion-dependent binding to carbohydrates. In Clq, the C-terminal halves of the polypeptide sequences contain an immunoglobulin-binding domain. The subunits of the proteins are built up by association of three polypeptide chains, the collagenous regions of which intertwine to form a collagen triple helix. In SP-A, Clq, conglutinin and MBP, the collagen triple helix is bent in each subunit, due to an interruption in the repeating Gly-Xaa-Yaa sequences of the polypeptide chains. The non-collagenous C-terminal halves form a globular 'head'. Six such subunits, in SP-A, Clq or MBP, associate to form the characteristic 'bunch of tulips' structure seen in electron microscopy. In this structure, the globular heads form the 'flowers', and the collagen helices form the 'stalks' (Figure la) .
At least four collectins (Clq, MBP, SP-A and conglutinin) bind to a single receptor (collectin receptor) [2] . Binding of SP-D to the collectin receptor has not been firmly established. The collectin receptor (also called Clq receptor) is a 56 kDa glycoprotein [3] . The N-terminal amino acid sequence of isolated collectin receptor and the sequence of peptides obtained by residues is observed. This region has been suggested to be associated with receptor binding. A similar region of charge density occurs close to the N-terminus of conglutinin. In this paper we describe a truncated form of conglutinin, which has 55 amino acids missing from the N-terminus and does not bind to the collectin receptor. The results presented here strongly indicate that receptor-ligand interaction is mediated via the N-terminal region of conglutinin, consistent with the earlier proposal for the binding site.
V8/trypsin digestion show a high degree of similarity to the cDNA-derived amino acid sequence of a human protein reported as a component of RoSSA [4] or as calreticulin [5] . The comparison of immunological, composition, cellular localization and peptide-sequence data between purified collectin receptor and an isolated RoSSA component or the RoSSA cDNA sequence indicates that collectin receptor and RoSSA are similar, but not identical, molecules [6] . Collectin receptor has been isolated from a number of cell types, including human tonsil lymphocytes, the monocytic cell line U937 [3] , endothelial cells and platelets [7] and the lung alveolar type-TI cell line A549 [8] . Although the binding characteristics of collectin-collectin receptor interaction are well documented [2, 9] , the site of binding between collectin and collectin receptor has not been investigated. The ligands of the collectin receptor have similar quaternary structures, but are not highly homologous at the primary structure level. We therefore examined the known sequences of the ligands to select regions of similarity, which might be involved in the receptor binding. Experimental data on collectin-collectin receptor interaction was then obtained to confirm localization of the binding site.
MATERIALS AND METHODS SDS/PAGE SDS/PAGE was carried out as described by Laemmli [10] . Samples were prepared (reduced or alkylated) as described in [11] . Proteins were detected with Coomassie Blue staining.
Protein purffication
Clq was isolated from human serum as described by Reid [12] . Collagen stalks from Clq were generated by pepsin digestion of Clq and purified by the method described by Reid [12] . Human collectin receptor was purified from human tonsil lymphocytes Human Clq(c chain) conglutinin (N) are based on the appearance of these molecules in electron microscopy [22] . The likely mechanism by which conglutinin (T) is generated from the normal form and the cleavage site on conglutinin (N) are also shown. (b) The figure also shows the amino acid sequence of human Clq (A chain, B chain, C chain), human MBP and human SP-A from a region close to the bend in the middle of the collagen region. Charged amino acids are underlined and the proposed binding site is shown in bold. The regions in Clq, MBP and SP-A in which there is an interruption to the Gly-Xaa-Yaa triplet are double underlined. [3, 6] and the purified receptor, as analysed by SDS/PAGE, is shown in Figure 2 (lane 1). Human SP-A was purified as described previously [1] . Bovine conglutinin was purified (S. B. Laursen, S. Thiel and J.-C. Jensenius, unpublished work). In brief, conglutinin was precipitated from bovine serum with 3.5 % (w/v) poly(ethylene glycol) 6000 (PEG 6000) (Sigma). The pellet was washed twice with 5 mM sodium barbitone buffer containing 145 mM NaCl, 0.05 % Tween 20,2 mM CaCl2 (buffer A) and 3.5 % (w/v) PEG 6000. The pellet was finally resuspended in buffer A and was loaded on to an N-acetyl-D-glucosamineSephacryl S-300 column, pre-equilibrated with buffer A. NAcetyl-D-glucosamine was coupled to Sephacryl S-300 beads by the method of Fornstedt and Porath [13] . The column was washed extensively with buffer A and conglutinin-containing fractions were eluted with buffer A containing 2 mM N-acetyl-Dglucosamine. The conglutinin-containing fractions were dialysed against buffer A and reloaded on to the N-acetyl-D-glucosamine-Sephacryl S-300 column. Conglutinin-containing fractions were then eluted with buffer A containing 10 mM EDTA instead of 2mM CaCl2. These fractions were absorbed on a rabbit anti-(bovine immunoglobulin)-Sepharose column and then loaded on to a Sephacryl S-400 gel-filtration column in buffer A. Two different forms of conglutinin were eluted from the gel-filtration column.
Radlo-lodination of collectin receptor Radio-iodination was carried out by the lodogen method of Fraker and Speck [14] . The 
RESULTS
In Figure 3 (a) is shown SDS/PAGE analysis, under reducing conditions, of the purified conglutinin-containing fractions at different stages of purification. Two forms of the conglutinin polypeptide chain, molecular masses 40 kDa and 44 kDa, were co-purified from the N-acetyl-D-glucosamine-Sephacryl S-300 column (Figure 3a ; lane 4). These two species of conglutinin were separated by Sephacryl S-400 gel filtration (Figure 3b ) and the appearance of the two species of conglutinin polypeptide, after the gel-filtration step, is shown in Figure 3 Solid-phase binding assays
Microtitre plate wells were coated with 100 41l of different forms of the purified conglutinin (50 /sg/ml) or BSA (50 ,ug/ml) in PBS.
Non-specific binding sites were blocked with 300 #1 of BSA 670 kDa thyroglobulin marker. This is consistent with the very elongated shape of conglutinin. The form containing 40 kDa polypeptides, conglutinin (T), elutes at a slightly smaller size than thyroglobulin, indicating that it also is multimeric and elongated. The N-terminal amino acid sequence analysis of these two forms of conglutinin revealed that the lower-molecular-mass species conglutinin (T) is a truncated form of the highermolecular-mass species conglutinin (N) (Figure lb) . The origin of conglutinin (T) in serum is not clear, but it is likely to arise by proteolytic cleavage of conglutinin (N) (Figure la) . Cleavage is at an Ala-Gly bond. Leucocyte elastase may be a candidate protease for cleavage, but there is no firm evidence of this as yet. The N-terminal sequence of conglutinin (T) ( Figure Ib) indicates that 55 residues are missing from the N-terminus of each polypeptide chain compared with conglutinin (N). This missing portion, if it remained intact, could be in the form of four segments of triple helices, i.e. 4 x 3 x 55 amino acid residues, or about 65-70 kDa. It may also, however, be further proteolysed to small fragments, or its polypeptides may dissociate. A thorough search of the fractions eluted from gel filtration ( Figure  3b ) failed to reveal any material corresponding to this other piece of conglutinin, or to sub-fragments of it. It is clear, therefore, that it dissociates from conglutinin (T) at an earlier stage (i.e. immediately after proteolysis, or during PEG 6000 precipitation, or during carbohydrate-binding affinity chromatography).
It has been shown by electron-microscopy studies that conglutinin (T), like conglutinin (N), forms the typical two-domain structure associated with collectins [15] , i.e. both the forms have collagen-like stalks associated with globular heads. The major difference between the two forms of conglutinin is that conglutinin (T) is a single three-chain subunit, whereas conglutinin (N) forms a cross-like shape made up of four three-chain subunits ( Figure la) . As both molecules were eluted from the N-acetyl-Dglucosamine-Sephacryl S-300 column with EDTA and N-acetyl-D-glucosamine, it is clear that they retain lectin activity. This indicates that conglutinin (N) and conglutinin (T) both have a functionally intact C-terminal globular domain.
The binding of radio-iodinated collectin receptor to immobilized Clq is inhibited by both soluble Clq and soluble Clqcollagen stalks (Figure 4a ), indicating that Clq interacts with collectin receptor through the collagen domain. This is consistent with the earlier reports that the binding of Clq and SP-A to cells expressing their receptor takes place through the collagen domain [16] [17] [18] [19] . Consistent with earlier data [2] , SP-A also inhibits Clq-collectin-receptor interaction (Figure 4a) .
It has been shown previously that binding of SP-A and Clq to collectin receptor is dependent on ionic strength [1, 3] . On the basis of binding characteristics and sequence comparison between the four collectins, i.e. MBP, SP-A, Clq and conglutinin, we had previously suggested that the region close to the collagen triplehelix bend region, a region of charged residues (Figure Ib) , may be the binding site for SP-A or Clq with the collectin receptor [1] . Conglutinin (N) contains a similar region of sequence ( Figure  Ib ), but this is absent from conglutinin (T). The use of these two forms of conglutinin, therefore, may provide evidence to support the suggested receptor-binding site.
Collectin receptor does bind to conglutinin (N) but not to conglutinin (T) ( Table 1 ( Figure 3a ; lane 3). Conglutinin (T) differs from conglutinin (N) in that each polypeptide lacks the first 55 amino acids of the normal sequence (Figure lb) . Whatever the requirement, the receptor-ligand interaction is clearly mediated via the N-terminal region of conglutinin, consistent with the earlier proposal for the binding site [1] . These results also indicate that collectin receptor is not a general receptor for collagen-like structures, but requires a specific charge distribution.
